Abstract One way the public can engage in insect conservation is through wildlife gardening, including the growing of insect-friendly flowers as sources of nectar. However, plant varieties differ in the types of insects they attract. To determine which garden plants attracted which butterflies, we counted butterflies nectaring on 11 varieties of summer-flowering garden plants in a rural garden in East Sussex, UK. These plants were all from a list of 100 varieties considered attractive to British butterflies, and included the five varieties specifically listed by the UK charity Butterfly Conservation as best for summer nectar. A total of 2659 flower visits from 14 butterfly and one moth species were observed. We performed a principal components analysis which showed contrasting patterns between the species attracted to Origanum vulgare and Buddleia davidii. The ''butterfly bush'' Buddleia attracted many nymphalines, such as the peacock, Inachis io, but very few satyrines such as the gatekeeper, Pyronia tithonus, which mostly visited Origanum. Eupatorium cannibinum had the highest Simpson's Diversity score of 0.75, while Buddleia and Origanum were lower, scoring 0.66 and 0.50 respectively. No one plant was good at attracting all observed butterfly species, as each attracted only a subset of the butterfly community. We conclude that to create a butterfly-friendly garden, a variety of plant species are required as nectar sources for butterflies. Furthermore, garden plant recommendations can probably benefit from being more precise as to the species of butterfly they attract.
Introduction
Butterflies are an important group of insects that can act as pollinators and environmental indicators but are facing widespread decline (Jennersten 1984; Thomas 2005 , Polus et al. 2007 ; Thomas et al. 2011; Forister et al. 2010) . Recent research has drawn attention to the resources butterflies use within their habitat (Dennis et al. 2006 , Dennis 2010 . One pivotal resource is floral nectar, which is the primary energy source for adults of most butterfly species and can enhance reproduction as nectar amino acids may compensate for a nutrient-poor larval diet (O'Brien et al. 2004; Mevi-Schütz and Erhardt 2005; Cahenzli and Erhardt 2013) . Lack of an adequate nectar supply is potentially a limiting factor to butterfly populations and has been linked to population declines (Murphy et al. 1983; Wallisdevries and Swaay 2012; Curtis et al. 2015) , although probably not all butterfly populations are nectar limited (Thomas et al. 2011) .
Gardens normally contain ornamental flowers that can provide nectar and are increasingly being recognised for their value in supporting wildlife (McGeoch and Chown 1997; Gaston et al. 2007; Dearborn and Kark 2010) . In the United Kingdom, a study in five major cities found that 99 % of houses were associated with a garden and gardens covered at least 20 % of the land area within those cities ). Gardens have even been referred to as ''England's most important nature reserve'' (Owen and Owen 1975; Owen 2010) . Many gardeners are environmentally conscious and seek to balance the aesthetic attributes of their garden with those that enhance its value to wildlife Freeman et al. 2012) . This is termed ''wildlife gardening'' (Good 2000) .
There is a huge variety of ornamental flowers available which differ in the number and diversity of insects they attract . With such choice, gardeners seeking advice as to which species to plant may turn to one of the many lists of ''insect-friendly'' garden flowers that are available. However, an analysis of 15 published lists found several shortcomings, including the fact that few were based on empirical data or gave any indication as to how they were constructed (Garbuzov and Ratnieks 2014a) . Overall, there is a need for recommended lists of insect-friendly flowers to be put on a firmer scientific basis (Corbet et al. 2001; Garbuzov and Ratnieks 2014b) .
For British butterflies, Vickery (1998) listed and ranked ''the 100 best butterfly nectar plants in order of attraction''. Five of these are featured on the Butterfly Conservation website (2014) as ''the best plants for summer nectar''. Vickery (1998) was the only list reviewed by Garbuzov and Ratnieks (2014a) which included information on its assembly. However, even this list provides little information on how its recommendations were derived, or which butterfly species are attracted to which plants. One of Butterfly Conservation's (2014) five plants is Buddleia davidii (Franch.), whose common name is the Butterfly Bush, implying that is attractive to butterflies in general. In this study, we surveyed butterflies on 11 varieties of ornamental flowers in a garden in East Sussex, UK, in late summer. All 11 were on the list of Vickery (1998) , and included the five summer varieties recommended by Butterfly Conservation (2014) . The aim was not to compare overall attractiveness to butterflies, but to determine differences among plant species in the butterfly species they attract.
Methods

Study site and species
The study was conducted in a rural garden in the village of Magham Down, East Sussex, England (decimal degrees 50.880426N, 0.28488247E). The garden included 11 flower varieties listed by Vickery (1998) including the five listed by Butterfly Conservation (2014) as best for summer nectar (Table 1 ). All plants were in good condition and in full view of the sun. All plants of a given species were of the same colour and variety.
Butterfly sampling
All data were collected between 09:00 and 18:00 in from 8 to 13 August 2013 during dry, sunny weather at temperatures of 17-25°C with zero or light wind when butterflies were most likely to be active. The survey was carried out during the period of the Big Butterfly Count, an annual citizen science and participation survey organized by Butterfly Conservation in the UK (Big Butterfly Count 2014). Each patch was visited three times per hour at intervals of 20 min. A patch was defined as a discrete area of vegetation where only the focal plant was growing. The exception to this was Rubus fruticosus (bramble), which was growing in a hedge. During a visit, the observer identified and counted the number of each butterfly species foraging on a patch. The three counts from each hour were summed for statistical analysis to reduce zero-inflation. We made a total of 105 visits to each patch resulting in 35 data points (105/3 per hour = 35) for each plant. We emphasise that we counted the number of butterfly ''feeding events'' rather than the absolute number of butterflies. Thus, the data represent the flower choices made by the butterflies in the study garden.
Statistical analysis
We performed a principal components analysis (PCA) of the butterfly visits to characterise the structure of the butterfly community's choices of plant species. We used the prcomp function in R version 3.1.1 (R Core Team 2014) to calculate a set of orthogonal standardised linear combinations (principal components) of the data (Crawley 2013) . A scree plot was used to determine which principal components were most important in explaining the variation in the data. Additionally, we calculated Simpson's Diversity Index per plant variety, defined as 1
Þ where n is the number of visits of a particular butterfly species and N is the total number of visits of all butterflies. We then compared the plant's rank (Vickery 1998 , Table 1 ) with total butterfly diversity using Spearman's rank correlation coefficient.
Results
A total of 2659 Lepidoptera visits were recorded in the study, made by 14 butterfly and one moth species (see Supplementary Table A 
Principal components analysis
The scree plot (see Supplementary Material Figure A ) indicated that the first two principal components (PCs) were far more important than subsequent PCs in explaining the structure of data: PC1 and PC2 explained 18.3 and 16.5 % of the variation in the data respectively, compared to only 8.4 % for PC3. We projected all butterfly species observation data onto the first two PCs to create a biplot ( Fig. 2 ) which revealed two main clusters of points. The first cluster consists of several species with positive loadings on PC1 including M. jurtina and P. tithonus, indicating that PC1 correlates with a preference for Origanum. The second cluster consists of negative loadings on PC2 by species such as the I. io, Vanessa cardui (L.) and Vanessa atalanta (L.) indicating that PC2 correlates with a preference for Buddleia. However, since P. rapae had a strong influence on PC1 (26.8 % of P. rapae present on Origanum, 4.4 % on Buddleia) and P. brassicae (L.) had a strong influence on PC2 (1.8 % on Origanum, 62.3 % on Buddleia), PC1 and PC2 also correlate with ''rarely visited Buddleia'' and ''rarely visited Origanum'' respectively. In both cases, it appears that the most important factors of the PCA are associated with preferences for the two mostvisited plant species, Buddleia and Origanum.
Ternary plot
To present the feeding preferences of the different butterfly species with particular reference to Buddleia and Origanum, we created a ternary plot (Fig. 3) . This enables three dimensions, the proportions of visits to Origanum, Buddleia, and the nine other plant species, to be plotted in a two-dimensional space. Each corner of the triangle represents exclusively visiting just one plant category. Each edge line represents the proportion of visits to the two plant categories at the two corners connected by the edge relative to each other, with the third plant category not being visited. Parameter space away from the edges means that all three plant categories are being visited. Several butterfly species are very close to either the Origanum corner (e.g. P. tithonus) or the Buddleia corner (e.g. I. io) of the triangle, meaning they almost exclusively visited Origanum and Buddleia, respectively. Conversely, some species are found close to the axis opposite to the Origanum corner (e.g. P. brassicae) or Buddleia corner (e.g. P. rapae) shown in purple and blue shading. This indicates a species which rarely visited Origanum or Buddleia respectively. A species near the centre of the plot, such as A. urticae, was found almost equally on Origanum, Buddleia, and all other plants. We stress that this represents resource use among our study plants only, and that butterflies were free to forage on other resources in the landscape. On the ternary plot, two subfamilies of the Nymphalidae, the Nymphalinae and the Satyrinae, formed separate clusters of points close to Buddleia and Origanum respectively. This mirrors the results of the principal components analysis. Maniola jurtina and Pyronia tithonus (Satyrinae) were very common on Origanum, while very few were observed on Buddleia or on other species (Fig. 3) . Conversely, I. io, V. atalanta and V. cardui (Nymphalinae) had very high proportions of observations on Buddleia and very low proportions on Origanum. Aglais urticae was alone amongst the Nymphalidae in being counted a similar number of times on both buddleia and Origanum. Interestingly, Pieris brassicae, the large white, showed markedly different feeding preferences to its congeners P. rapae and P. napi. The large white was observed mostly on Buddleia with few observations on Origanum. Conversely, P. rapae and P. napi had very few observations on Buddleia. All Pieridae, however, visited the other nine plant varieties more than either of the nymphalid subfamilies, indicating that they were more generalist in their feeding preferences.
Correlation of plant rank butterfly diversity
Plant rank in the list of Vickery (1998) was not significantly correlated with butterfly diversity (P = 0.595, R = -0.182, n = 11, Fig. 4) . Eupatorium cannibinum had the highest diversity of visiting butterflies, as it received a more even proportion of its visits from satyrines, nymphalines and pierids than other plants. Lotus corniculatus was the poorest performing plant overall receiving only a sole butterfly visit, from M. jurtina, hence a diversity score of 0.
Discussion
Our results show that butterfly species composition varied greatly among ornamental garden flowers. Each plant attracted only a subset of the butterfly community and no one plant was attractive to the majority of species. This was epitomised by B. davidii which was visited predominantly by nymphaline but not satyrine species, and O. vulgare which was visited predominantly by satyrine but not nymphaline species, with little overlap between the two plants. For example, the peacock butterfly, I. io (Nymphalinae), was far more frequently observed on Buddleia than Origanum (312 vs 4 visits). By contrast the gatekeeper, Pyronia tithonus (Satyrinae) was absent from Buddleia but extremely common on Origanum (0 vs 908 visits). Between them, Buddleia and Origanum received the majority of visits (1926 out of 2659). E. cannibinum however, had the highest diversity of butterfly visits as it attracted more even numbers of Pieridae and Nymphalinae. Plant rank (Vickery 1998) had no bearing on the diversity of visiting butterflies. These results are broadly comparable to the data found in Peter Hardy's Butterfly Database (University of Staffordshire, accessed 09/09/2015) which contains over 13,000 butterfly feeding records. Considering visits to our 11 plant species, 81 % of peacock butterflies were observed on Buddleia versus only 1.5 % on Origanum. By contrast 15 % of gatekeepers were observed on Buddleia (0 % in the present study) but was still more common on Origanum (23 %) despite there being far more records made on Buddleia than Origanum in the database as a whole.
What causes the great disparity among plant species in the butterflies they attract? Corbet (2000) suggested that visitation to particular flower species was a combination of the nectar reward and the tongue length of the butterfly relative to the corolla length of the flower. That is, butterflies foraged on the most profitable flowers for which they could reach the nectar. However, this does completely explain the distribution of butterflies on the flowers we studied. For example, the small white has a tongue length exceeding the length of Buddleia corolla by almost 3 mm (Corbet 2000) , but in our study relatively few small whites actually visited Buddleia.
One factor which could affect plant preference but is seldom noted is the strong possibility that butterflies have height preferences for feeding. Of our study plants, Buddleia was by far the tallest with most flowers being 1.5-3.0 m above ground. The next tallest were Verbena and Dipsacus at 1.5-2.0 m while most varieties had flowers at \0.5 m above ground. Butterflies have other time constraints than foraging on the best nectar supply and may alter their foraging behaviour to increase access to mates or avoid predators. Because the Nymphalinae are conspicuous, there would be little value in attempting to hide from predators by staying low down, when better access to mates and flowers could be achieved by flying and foraging at a greater height. The less conspicuous Sayrinae, however, may be able to decrease their visibility by foraging on lowgrowing flowers amongst the denser vegetation. In particular, a butterfly species that was averse to foraging at heights of over c. 1.5 m would seldom be seen on Buddleia.
To enhance a garden's value as a nectar source for butterflies, our results indicate that planting multiple plant varieties which attract distinct subsets of the butterfly community would be beneficial. At its most basic this could be to plant both Buddleia and Origanum as both attracted many individuals and were attractive to different species. However, the butterflies observed in our study were all nectar generalists and common species, and included none of the 24 species under the UK Biodiversity Action Plan (BAP) (DEFRA 2007) . This gives two possibilities for species that we did not observe. First, the local natal population was small or absent. Second, that our plants were not attractive to those species. As it is the rare and threatened species which tend to be specialist in their feeding preferences (Tudor et al. 2004 , Hardy et al. 2007 ), ornamental flowers are likely to be of less value. For example, it would be unrealistic for gardeners to attempt to create the unique set of environmental conditions suitable for the large blue butterfly (Maculinea arion) (Thomas 1995) . This puts limits on the ability of gardeners to conserve butterflies, but planting a selection of flowers will provide more forage than planting none at all.
Factors beyond attractiveness to butterflies must also be considered when considering the value of a particular plant as a nectar source. First, attractiveness to other insects as butterflies may make up only a small minority of flower visitors compared to bees and flies (Garbuzov and Ratnieks 2014b) . Second, while non-native plants in general are not thought to be of great harm to the environment in Britain (Thomas and Palmer 2015) , some species are problematic. Buddleia spreads rapidly, has the potential to usurp native species and is difficult and costly to remove (Tallent-Halsall and Watt 2009). Third, plants have a variable bloom period limiting the time available to insects as a food source. Dipsacus fullonum is a biennial which only blooms in August of its second year (Werner 1975) . Even if D.
fullonum is attractive for insects during this period, its overall value as a source of forage is low compared to varieties that bloom for many months such as Erysimum. Plants with long bloom periods are desirable, but bloom period can be extended through the use of ''dead-heading'' old inflorescences.
It is important for scientists investigating wildlife gardening disseminate their findings in order to assist the gardening public in encouraging wildlife. The use of citizen science is one possible route to achieving this, and much infrastructure is already in place. Butterfly Conservation's most recent survey, the Big Butterfly Count (2014), had over 44,000 participants who counted nearly 560,000 butterflies and moths. Surveys such as this, which generate large datasets, have the potential to empirically study the attractiveness of different plants to butterflies, while simultaneously engaging the public with wildlife gardening practices. Attracting butterflies to garden flowers can have further benefits to humans as contact with nature is thought to improve mental health and well-being (Burls and Caan 2005) .
Our study was limited in scope given the time period over which it was conducted. Furthermore, the first two principal components explained 34.8 % of the variation, a relatively low amount, suggesting resource use outside of our study plants. However, our results show clear patterns consistent with the existing data on butterfly nectar use. The short time span makes the data easier to interpret and removes interactions such as a plant which bloomed early being visited by a butterfly which is on the wing early. Further research is needed, both to bolster our conclusions with regards to butterfly nectaring and how gardens can provide other butterfly resources such as larval host plants and shelter. In particular, it is important to investigate the role gardens can play in helping rarer, more specialist butterflies.
No one plant was good at attracting all species of butterflies. Buddleia, the ''butterfly bush'', attracted mostly the large and brightly coloured nymphalines, but few other species. Would Buddleia have received its reputation and name if it attracted the same subset of brown satyrines which visit Origanum? To attract common species of butterflies, a vast variety of plants is probably not required. Rather, a few good varieties which collectively attract the majority of butterfly species. In Britain during summer, Buddleia, Origanum and Eupatorium would be a good start.
